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(54) System and method for producing a pilot signal in a distortion reduction system 



(57) A distortion reduction system (80) uses up- 
stream signal information, such as the carrier frequen- 
cies in an input signal, to adjust at least one frequency 
for a pilot signal to be injected into the distortion reduc- 
tion system and to be detected at the output of the dis- 
tortion reduction system, thereby enabling improved 
distortion reduction of changing input signals. For ex- 
ample, processing circuitry (82) obtains the traffic fre- 
quencies making up a signal to be amplified by a feed 
forward arrangement. Using the traffic frequencies, the 
processing circuitry determines at least one frequency 
for a pilot signal, and the processing circuitry tunes a 
pilot signal generator to the at least one frequency for 
the pilot signal. The feed forward arrangement (80) re- 
ceives the signal to be amplified and provides replicas 
of the signal on a main signal path (16) and on a feed 
forward path (18). The pilot signal is injected into the 
main signal path at the at least one frequency along with 
the signal to be amplified. The signal and the pilot signal 



are amplified by an amplifier (12) on the main signal 
path, resulting in the amplified signal, the amplified pilot 
signal and distortion signals produced by the amplifier. 
A replica of the output of the amplifier is placed on a 
coupling path (30) and combined with a delayed version 
of the signal on the feed forward path (18) to isolate a 
replica of the pilot signal and distortion on the feed for- 
ward path. The pilot signal and distortion on the feed 
forward path are combined with the amplified signal, the 
amplified pilot and the distortion on the main signal path. 
A sample of the output is provided to pilot detection cir- 
cuitry (1 00) which is tuned by the processing circuitry to 
detect the pilot signal at the at least one frequency. De- 
pending on the amplitude of the pilot signal at the output, 
the processing circuitry provides gain and/or phase con- 
trol signal(s) to adjust the relative phase and/or gain be- 
tween the combining pilot signals to reduce the ampli- 
tude of the pilot signal at the output and thereby to re- 
duce the amplitude of the distortion. 



< 

O) 
CO 
CO 

o> 

CO 



Q. 
LU 



Mo 



BUBO 
gMNWIS 



UDK) 

cw«tu 



I 



s 



a 



aasw 
T 




suae 
Ircrouotcr 



reouotcv 



on 




< — 


KUUKWUNO 
BPT 


Ml* 


M J 




Printed by Jouve, 75001 PARIS (FR) 



1 



EP 1 189 339 A1 



Description 

BACKGROUND OF THE INVENTION 

1 . Fleid of The Invention 

[0001 ] This invention relates to a system and method 
for producing a pilot signal in a distortion reduction sys- 
tem, for example in a signal amplification system. 

2. Description of Related Art 

[0002] Amplifiers often add undesired distortion to a 
signal, creating an output signal comprising distortion or 
nonlinear components and the signal component. The 
distortion includes any undesired signals added to or af- 
fecting adversely the input signal. There is therefore a 
need to devise techniques that can eliminate substan- 
tially or reduce significantly the distortion produced by 
the amplifier. 

[0003] Feed-forward correction is routinely deployed 
in modern amplifiers to improve amplifier linearity with 
various input patterns. The essence of the feed-forward 
correction is to manipulate distortion, such as intermod- 
ulation (IMD) components, created by the amplifier so 
that at the final summing point, the distortion cancels 
out. Due to the unpredictability of input RF earner pat- 
tern as well as the resultant distortion location, a known 
frequency component, i.e. a pilot signal, is injected in 
the main signal path with the distortion produced by the 
amplification process. In feed-forward amplifiers, the 
feed forward distortion reduction circuitry minimizes the 
pilot signal along with the distortion. As such, by design- 
ing the feed forward distortion reduction circuitry to de- 
tect and cancel the pilot signal, the distortion can also 
be removed. 

[0004] The pilot signal is an electrical signal compris- 
ing at least one frequency component spectrally located 
near the frequency band of operation of the electrical 
circuit. A more complete description of the pilot signal is 
shown in FIG. 1 which shows the frequency response 
of a radio frequency (RF) amplifier including the location 
of the pilot signal. The pilot signal can be near the lower 
edge of the operating band (e.g., pilot 1) and/or located 
near the upper edge of the band of operation (e.g., pilot 
2). The pilot is positioned a spectral distance of A ffrom 
an edge of the band of operation whose center frequen- 
cy is f 0 . The electrical characteristics (e.g., amplitude, 
phase response, spectral content) of the pilot signal are 
known. 

[0005] The feed forward distortion reduction circuitry 
reduces distortion produced by the RF amplifier by ap- 
plying the pilot signal to the RF amplifier and making 
adjustments based on information obtained from the ap- 
plied pilot signal. FIG. 2 discloses feed-forward correc- 
tion circuitry 1 0 and its use of information obtained from 
the pilot signal to reduce distortion produced by RF am- 
plifier 12. An input signal, for example including at least 



one carrier signal, is applied to a splitter 14. The splitter 
14 replicates the input signal on a main signal path 16 
and a feed forward path 18. The splitter 14 is part of a 
carrier cancellation loop referred to as loop # 1 , which 
5 in addition to the splitter 14, comprises gain & phase 
circuit 20, coupler 22, the RF amplifier 12, delay circuit 
24 and couplers 26 and 28. The signal on the main path 
16 is applied to gain & phase circuit 20. The output of 
gain & phase circuit 20 and the pilot signal are applied 

10 to the coupler 22. Typically, the amplitude of the pilot 
signal is much less (e.g., 30 dB less) than the amplitude 
of the input signal so as not to interfere with the opera- 
tion of the amplifier 12. The output of the coupler 22 is 
applied to the amplifier 12 whose output comprises the 

is amplified input signal, the amplified pilot signal and dis- 
tortion signals produced by the amplifier 12. 
[0006] A portion of the output of the amplifier 1 2 is ob- 
tained from the coupler 26 and is combined at the cou- 
pler 28 via coupling path 30 with a delayed version of 

20 the input signal on the feed forward path 18 to isolate 
the pilot signal with distortion on the feed forward path 
1 8. The input signal on the feed forward path 18 is suf- 
ficiently delayed by delay circuit 24 so that such signal 
experiences the same delay as the signal appearing at 

25 the coupler 28 via the path 30. The resulting error signal 
contains the distortion produced by the amplifier 12 
along with any portion of the carrier signal remaining at 
the output of the coupler 28 and the pilot signal. The 
amount of carrier cancellation in the carrier cancellation 

30 loop depends on the proper gain and out-of-phase rela- 
tionship between the two paths from the splitter 14 to 
the coupler 28. 

[0007] The gain & phase circuit 20 adjusts the phase 
and gain of the input signal according to control signals 

35 on control paths 32 and 33 such that the signal appear- 
ing at the coupler 28 via the path 30 is substantially the 
inverse (equal in amplitude but 1 80°out of phase) of the 
delayed input signal at the coupler 28. The gain and 
phase control signals appearing on the control paths 32 

^0 and 33 of the gain & phase circuit 20 are derived from 
the signal at the output of the coupler 28 in a well known 
manner by sampling the output of the coupler 28 with a 
coupler 34 and using signal detection and control cir- 
cuitry 35. In general, the signal detection and control cir- 

45 cuitry 35 detects an error signal for the carrier cancella- 
tion loop. The error signal represents the amplitude of 
the carrier signal(s) at point A, and the signal detection 
and control circuitry 35 attempts to reduce the amplitude 
of the carrier signal(s) at point A by providing gain and/ 

50 or phase control signals. 

[0008] In this embodiment, the signal detection and 
control circuitry 35 includes a detector 36, such as a log 
detector, which produces a signal representing the am- 
plitude of the carrier signal(s) at point A. A filter 38 filters 

55 the output of the log detector to produce a DC-type am- 
plitude signal representing the amplitude of the carrier 
signal(s). The amplitude signal is provided to a nulling 
circuit 40. In response to the amplitude signal, the nul- 
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ling circuit 40 provides the control signals on the control 
paths 32 and 33 to adjust the relative gain and/or phase 
between the combining signals at the coupler 28 and 
reduce the carrier signal(s). When the carrier signal(s) 
is minimized, the carrier signals combined at the coupler 
28 substantially cancel each other leaving at the output 
of the coupler 28 the pilot signal with distortion produced 
by the amplifier 12. Loop#1 is thus a carrier cancellation 
loop which serves to isolate on the feed forward path 1 8 
the pilot signal with distortion produced by the amplifier 
12. 

[0009] A distortion reduction loop or loop # 2 attempts 
to reduce the pilot signal on the main signal path 16, 
thereby reducing the distortion produced by the ampli- 
fier 12, using the output of the coupler 28. The pilot sig- 
nal with distortion on the feed forward path 18 is fed to 
a gain & phase circuit 42. The output of the gain and 
phase circuit 42 is fed to amplifier 44 whose output is 
applied to coupler 46. The coupler 46 combines the am- 
plified pilot signal and distortion on the feed forward path 
18 with the signals from the amplifier 12 on the main 
signal path 16 (carrier signal(s), pilot signal with distor- 
tion). A delay circuit 40 on the main signal path 1 6 deiays 
the signals from the output of the amplifier 12 on the 
main signal path 16 to experience substantially the 
same delay as the corresponding signals from the out- 
put of the amplifier 1 2 which pass over the coupling path 
30 through the coupler 28 to the coupler 46. 
[0010] A coupler 48 provides an error signal repre- 
sentative of the signal at the output of the coupler 46 
onto a pilot detection path 50. Because the frequency, 
amplitude and other electrical characteristics of the pilot 
signal are known, pilot detection and control circuitry 52 
can detect the amplitude of the remaining portion of the 
pilot signal from the error signal on the pilot detection 
path 50. The pilot detection and control circuitry 52 de- 
termines the amplitude of the pilot signal, and in re- 
sponse to the amplitude of the remaining pilot signal, 
the pilot detection and control circuitry 52 provides con- 
trol signals to the phase and gain circuit 42. In general, 
the pilot detection and control circuitry 52 will detect the 
pilot signal and use this information to generate control 
signals onto paths 66 and 68 to cause the gain & phase 
circuit 42 to adjust the gain and/or phase of the pilot sig- 
nal on the feed forward path 1 8 such that the pilot signal 
on the main path 16 as well as the distortion is substan- 
tially the inverse (equal in amplitude but 180° out of 
phase) of the pilot signal and the distortion on the feed 
forward path 18 at the coupler 46. The corresponding 
pilot signals and distortion substantially cancel each oth- 
er at the coupler 46 leaving the carrier signal(s) at the 
output of the system. Therefore, loop # 2 is a distortion 
reduction loop which attempts to cancel the pilot signal 
to cancel substantially the distortion produced by the 
amplifier 12. 

[0011] In this embodiment, the pilot detection and 
control circuitry 52 includes pilot receive circuitry 54 
which includes a mixer 56 to frequency convert the error 



signal on the pilot detection path 50 to lower frequencies 
and a filter 58 to facilitate detection of the pilot signal by 
a signal detector 60. The detector 60, such as a log de- 
tector, produces a signal representing the amplitude of 
5 the signal at the output of the coupler 46. A filter 62 filters 
the output of the detector 60 to produce a DC-type am- 
plitude signal representing the amplitude of the remain- 
ing pilot signal. The amplitude signal is provided to a 
nulling circuit 64. In response to the amplitude signal, 
10 the nulling circuit 64 provides gain and phase control 
signals on the control paths 66 and 68 to the phase and 
gain circuit 42. The control signals are provided to adjust 
the relative gain and/or phase between the pilot signals 
being combined at the coupler 46 and reduce the re- 
's maining pilot signal. The amount of cancellation of the 
pilot signal indicates the amount of distortion cancella- 
tion. When amplitude of the pilot signal is minimized, the 
pilot signals and distortion combined at the coupler 46 
substantially cancel each other at the output of the cou- 
20 pier 46. 

[0012] The distortion of the input signal causes power 
to be generated in adjacent channels or frequencies to 
corrupt or interfere with signals in the adjacent channels 
or frequencies, commonly referred to as spectral re- 

25 growth or adjacent channel power (ACP). The genera- 
tion of adjacent channel power is of particular concern 
in wireless communications systems where adjacent 
channel power of one channel interferes with other 
channels or frequency bands. Wireless cellular commu- 

30 nications systems comprise a number of base stations, 
geographically distributed to support transmission and 
receipt of communication signals to and from wireless 
units, which can be mobile or fixed, in the geographic 
region. Each base station handles voice and/or data 

35 communications over a particular region called a cell, 
and the overall coverage area for the cellular system is 
defined by the union of cells for all of the cell sites, where 
the coverage areas for nearby cell sites overlap to some 
degree to ensure (if possible) contiguous communica- 

40 tions coverage within the outer boundaries of the sys- 
tem's coverage area. 

[001 3] In a wireless cellular communications system, 
a base station and a wireless unit communicate voice 
and/or data over a forward link and a reverse link, 

45 wherein the forward link carries communication signals 
from the base station to the wireless unit and the reverse 
link carries communication signals from the wireless unit 
to the base station. There are many different schemes 
for determining how wireless units and base stations 

50 communicate in a cellular communications system. Mul- 
ti-user wireless communications systems, such as Code 
division multiple access (CDMA), wideband CDMA, 
Time division multiple access (TDMA), Global System 
for Mobile Communications (GSM) and orthogonal fre- 

55 quency division multiplexing (OFDM), multiple voice 
and/or traffic channels are combined into a single or 
multiple carriers. A linear amplifier should be able to re- 
act rapidly to transmit power changes and bursty traffic 
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variations within the transient response specifications in 
the microsecond and millisecond ranges while providing 
adequate error cancellation. 

[0014] In actual systems, there is rarely an absolute 
cancellation of the distortion and the pilot signals. Feed 
forward distortion reduction systems require tight oper- 
ating tolerances, for example to achieve a 30dB reduc- 
tion in IMDs, typical feed forward correction system may 
have a frequency flat response (amplitude deviation 
over the frequency band of operation) as low as + or - . 
1 dB and phase linearity (phase deviation from a straight 
line in the frequency band of operation) as low as + or - 
1 degree. To obtain this accuracy is difficult. In feed for- 
ward distortion reduction systems which use a pilot sig- 
nal, the amplitude of the pilot signal is typically relatively 
small at the output of the feed forward distortion reduc- 
tion system. Accordingly, if the pilot signal is positioned 
too close to a carrier signal, the pilot signal can be diffi- 
cult to detect because of the relatively small amplitude 
of the pilot signal with respect to the amplitude of the 
carrier signal. Thus, it becomes difficult to detect the pi- 
lot signal at the output of the system. If the pilot signal 
is positioned away from the carrier signal(s) and the re- 
sulting IMDs, the pilot signal may be easier to detect but 
the cancellation of the distortion could suffer because of 
nonlinearities in the frequency response or phase re- 
sponse of the amplifier over the entire frequency band 
of operation. To improve detection of the pilot signal at 
the output of the distortion reduction system, schemes 
have been developed to scan the in-band frequencies 
and position the pilot signal at a "quiet" spot in the fre- 
quency band of operation which is as close as possible 
to the active carriers. Such schemes may not react to 
changing numbers of transmit frequencies. 

SUMMARY OF THE INVENTION 

[001 5] The present invention involves a distortion re- 
duction system using upstream signal information, such 
as the carrier frequencies in an input signal, to adjust at 
least one frequency for a pilot signal to be injected into 
the distortion reduction system and to be detected at the 
output of the distortion reduction system, thereby ena- 
bling improved distortion reduction of changing input 
signals. For example, processing circuitry obtains the 
traffic frequencies making up a signal to be amplified by 
a feed forward arrangement. Using the traffic frequen- 
cies, the processing circuitry determines at least one fre- 
quency for a pilot signal, and the processing circuitry 
tunes a pilot signal generator to the at least one frequen- 
cy for the pilot signal. The feed forward arrangement re- 
ceives the signal to be amplified and provides replicas 
of the signal on a main signal path and on a feed forward 
path. The pilot signal is injected into the main signal path 
at the at least one frequency along with the signal to be 
amplified. The signal and the pilot signal are amplified 
by an amplifier on the main signal path, resulting in the 
amplified signal, the amplified pilot signal and distortion 



signals produced by the amplifier. A replica of the output 
of the amplifier is placed on a coupling path and com- 
bined with a delayed version of the signal on the feed 
forward path to isolate a replica of the pilot signal and 

5 distortion on the feed forward path. The pilot signal and 
distortion on the feed forward path are combined with 
the amplified signal, the amplified pilot and the distortion 
on the main signal path. A sample of the output is pro- 
vided to pilot detection circuitry which is tuned by the 

10 processing circuitry to detect the pilot signal at the at 
least one frequency. Depending on the amplitude of the 
pilot signal at the output, the processing circuitry pro- 
vides gain and/or phase control signai(s) to adjust the 
relative phase and/or gain between the combining pilot 

15 signals to reduce the amplitude of the pilot signal at the 
output and thereby to reduce the amplitude of the dis- 
tortion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 

[0016] Other aspects and advantages of the present 
invention may become apparent upon reading the fol- 
lowing detailed description and upon reference to the 
drawings in which: 

25 

FIG. 1 shows an example frequency response 
curve of an RF amplifier showing the frequency 
within which the amplifier is operating; 
FIG. 2 is a block diagram of a feed forward distortion 

30 reduction system used for RF amplifiers; 

FIGs. 3-6 shows embodiments of a feed forward 
amplifier distortion reduction system according to 
the principles of the present invention; and 
FIG. 7 shows a flow diagram describing how an em- 

35 bodiment of the feed forward amplifier distortion re- 
duction system operates according to principles of 
the present invention. 

DETAILED DESCRIPTION 

40 

[0017] An illustrative embodiment of a system and 
method for producing a pilot signal according to the prin- 
ciples of the present invention is described below in a 
feed forward distortion reduction system. FIG. 3 shows 

45 a general block diagram of a feed forward amplifier ar- 
chitecture 80 in which like reference numerals indicate 
components corresponding to the components of the 
feed forward amplifier architecture 10 of FIG. 2. In the 
feed forward amplifier architecture 80, processing cir- 

50 cuitry 82 determines the radio channels 84a-n or fre- 
quencies to be used, for example in communications be- 
tween a base station and wireless units. A combiner 85 
combines the n radio channels to produce a signal to be 
amplified by the feed forward arrangement 80. A coupler 

55 86 samples and provides a replica of the input signal to 
a level detector 87 which produces a signal to the 
processing circuitry 82 representing the amplitude of the 
input signal from the combiner 85 The feed forward ar- 
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rangement 80 receives the signal to be amplified, and 
a splitter 1 4 replicates the signal onto a main signal path 
16 and a feed forward path 18. The signal on the main 
signal path 1 6 is applied to a phase and gain circuit 20, 
and the output of the phase and gain circuit 20 is applied 
to an amplifier 1 2 whose output comprises the amplified 
signal and distortion signals produced by the amplifier 
12. Using the frequencies of the radio channels 84a-n 
making up the signal, the processing circuitry 82 can de- 
termine at least one frequency F P for the pilot signal(s). 
Once the at least one pilot frequency is determined, the 
processing circuitry 82 can provide a tuning signal 88 to 
a pilot frequency synthesizer or pilot signal generator 89 
to produce a pilot signal at the at least one pilot frequen- 
cy. Thus, the pilot signal can be generated at a desired 
location relative to the radio channel frequencies where 
the pilot signal can be better detected and/or can better 
reflect the nonlinearities of the amplifier 12 with respect 
to the active radio channel frequencies. 
[0018] In this embodiment, the pilot frequency gener- 
ator 89 receives a stable reference frequency from a sta- 
ble reference frequency generator 90. Moreover, the 
processing circuitry 82 provides a pilot level adjustment 
signal 91 to a level adjuster 92, such as a variable at- 
tenuator. The level adjuster 92 adjusts the level of the 
pilot signal in response to the pilot level adjustment sig- 
nal from the processing circuitry 82 which produced the 
pilot level adjustment signal in response to the ampli- 
tude of the signal being provided to the feed forward ar- 
rangement 80. A coupler 93 receives the adjusted pilot 
signal at the at least one pilot frequency F P and injects 
the pilot signal into the main signal path 16 along with 
the signal to be amplified by the amplifier 12. 
[001 9] A replica of the output of the amplifier 1 2, which 
includes the amplified signal, the amplified pilot signal 
and distortion, is placed on a coupling path 30 and com- 
bined with a delayed version of the signal on the feed 
forward path 1 8 to isolate a replica of the amplified pilot 
and distortion on the feed forward path 1 8. The pilot sig- 
nal and distortion on the feed forward path 1 8 is applied 
to a gain and/or phase circuit 42 to adjust the amplitude 
and/or phase of the pilot signal and distortion, and the 
pilot signal and distortion on the feed forward path 18 is 
combined with the amplified signal, the amplified pilot 
signal and the distortion on the main signal path 16 to 
output the amplified signal with a reduced pilot signal 
and distortion. 

[0020] After the at least one frequency for the pilot sig- 
nal is identified, the processing circuitry 82 can select 
the at least one pilot frequency for detection. In this em- 
bodiment, the processing circuitry 82 provides a tuning 
signal 94 to at least one local oscillator (LO) 95 which 
selects the frequency F LO of the at least one local oscil- 
lator (LO) 95. In this embodiment, the processing circuit- 
ry 82 and the LO 95 receive a reference frequency signal 
from the stable reference frequency generator 90. The 
selected frequency of the least one LO 95 is used to 
frequency convert the pilot signal at the at least one pilot 



frequency to facilitate detection of the pilot signal. For 
example, a coupler 48 samples the amplified signal with 
reduced pilot signal and distortion after the coupler 46 
to provide a replica of the amplified signal and reduced 
5 pilot signal and distortion on a pilot signal detection path 
96. After being filtered by a band-pass filter 97, the sig- 
nal on the pilot detection path 96 is provided to a mixer 
98 to mix the pilot signal with the frequency from the LO 
95. As such, the pilot signal is frequency converted to a 

10 frequency F,, for example to a lower frequency, where 
a band pass filter 99, for example a narrowband filter, 
passes the converted pilot signal while rejecting the oth- 
er frequencies. The bandpass filter 99 has a center fre- 
quency equal to F, which is equal to F LO - F P or F P - F^ 

15 and a bandwidth (BW) which can vary depending on the 
application. The bandwidth can depend on the carrier 
bandwidth and/or the position of the pilot signal(s) rela- 
tive to the carrier signal(s), for example a bandwidth of 
greater than or less than 30 KHz. 

20 [0021] An amplifier 103 amplifies the output of the 
bandpass filter 96, and a signal detector 100 receives 
the output of the bandpass filter 99 with the converted 
pilot signal and produces a signal representing the am- 
plitude of the pilot signal to the processing circuitry 82. 

25 in response to the amplitude of the pilot signal at the at 
least one pilot frequency, the processing circuitry 82 pro- 
vides gain and/or phase control signal(s) 1 01 and/or 1 02 
to gain and/or phase circuit 42. The control signals are 
provided to adjust the relative gain and/or phase be- 

30 tween the pilot signals and distortions being combined 
at the coupler 46 to reduce the pilot signal and thereby 
the distortion on the main signal path 1 6. When ampli- 
tude of the pilot signal is minimized, the distortion on the 
feed forward path 18 and the main signal path 16 sub- 

35 stantially cancel each other at the output of the coupler 
46. As such, the processing circuitry 82 is adjusting the 
relative phase and/or gain between the pilot signals as 
well as the distortion products from the main signal path 
1 6 and the feed forward path 1 8 such that the pilot sig- 

40 nals and thereby the distortion products combine at the 
output to the coupler 46 with a phase difference of about 
180 degrees and equal amplitudes. 
[0022] To improve the isolation of the pilot signal and 
distortion on the feed forward path 1 8, a coupler 34 sam- 

*5 pies the output to the coupler 28, and signal detection 
circuitry 1 04 provides a signal to the processing circuitry 
82 that represents the amplitude of the signal at the out- 
put to the coupler 28. In response to the signal from the 
detection circuitry 1 04, the processing circuitry 82 pro- 

so vldes gain and/or phase control signal(s) 1 06 and/or 1 08 
to gain and/or phase circuit 20. The control signals are 
provided to adjust the relative gain and/or phase be- 
tween the signals being combined at the coupler 28 to 
improve the cancellation of the signal components. As 

55 such, the processing circuitry 82 is adjusting the relative 
phase and/or amplitude between the signal components 
from the main signal path 16 and the feed forward path 
1 8 such that the signal components combine at the out- 
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put to the coupler 28 with a phase difference of about 
180 degrees and equal amplitudes. 
[0023] FIG. 4 shows an alternative implementation of 
a feed forward amplifier architecture 120 in which like 
reference numerals indicate components correspond- 
ing to the components of the feed forward amplifier ar- 
chitectures above. In the feed forward amplifier archi- 
tecture 1 20, processing circuitry 122 includes a channel 
frequency controller 124, such as a digital signal proc- 
essor (DSP), a microcontroller or other processing cir- 
cuitry, for assigning radio channels 84a-n coupled to a 
stand-alone feed forward controller 126, such as a sec- 
ond DSP, microcontroller or other processing circuitry, 
for controlling the feed forward amplifier architecture 
120. In operation, the channel frequency controller 1 24 
assigns the radio channel frequencies 84a-n to be used 
in communications after being combined and amplified. 
The channel frequency controller 124 informs the feed 
forward controller 126 of the channel frequencies from 
which the feed forward controller 126 determines at 
least one frequency for a pilot signal. In this embodi- 
ment, the channel frequency controller 124 acknowl- 
edges the feed forward controller of a change in the ra- 
dio frequencies with a frequency change acknowledg- 
ment 128. The feed forward controller 126 receives the 
interrupt 128 and sends a handshake signal 130 to the 
channel frequency controller 1 24. After which, the feed 
forward controller 126 receives the new channel fre- 
quency information 132 from the channel frequency 
controller 124. With the new channel frequency informa- 
tion, the feed forward controller 126 determines the at 
least one frequency for the pilot signal. Accordingly, the 
tuning signal 88 is provided by the feed forward control- 
ler 126 to the pilot signal generator 89 to adjust the at 
least one pilot signal frequency as well as the tuning sig- 
nal 94 to the LO 95 for detecting the pilot signal. In re- 
sponse to the amplitude of the detected pilot signal, the 
feed forward controller 126 provides the gain and/or 
phase adjustments to the pilot signal and distortion on 
the feed forward path 18. 

[0024] FIG. 5 shows an alternative implementation of 
a feed forward amplifier architecture 140 in which like 
reference numerals indicate components correspond- 
ing to the components of the feed forward amplifier ar- 
chitectures above. In the feed forward amplifier archi- 
tecture 140, processing circuitry 142, such as a digital 
signal processor (DSP) or microcontroller, can deter- 
mine at least one frequency F p for the pilot signal gen- 
erated by the amplifier 12 using the frequencies of the 
radio channels making up the signal. After the at least 
one frequency for the pilot signal is identified, the 
processing circuitry 142 can select the at least one pilot 
frequency for the pilot signal, and the pilot signal is in- 
jected into the main signal path 16 at the at least one 
pilot frequency F P . In this embodiment, the processing 
circuitry 142 provides tuning signals 144 and 146 to a 
first local oscillator (LO) 148 and a second local oscilla- 
tor (LO) 150, respectively, to select respective frequen- 



cies F lo1 and F L02 . The selected frequencies L01 and 
L02 are used to perform a dual frequency conversion 
of the pilot signal at the least one pilot frequency to fa- 
cilitate detection of the pilot signal using local oscillator 
5 frequencies which are well outside the frequency band 
of the radio channel frequencies. In the single conver- 
sion implementations above, the LO frequency may be 
in the frequency band or close to the frequency band of 
the radio frequency channels. 

10 [0025] For example, a coupler 48 samples the ampli- 
fied signal with reduced pilot signal and distortion after 
the coupler 46 to provide a replica of the amplified signal 
and the reduced pilot signal and distortion on a pilot de- 
tection path 1 52. After being filtered by a band-pass filter 

*s 1 54, the signal remaining on the pilot detection path 1 52 
is provided to a first mixer 156 to mix the signal on the 
pilot detection path 152 with the frequency signal from 
the first LO 1 48. The first mixer 1 56 performs a first fre- 
quency conversion of the pilot signal to a first interme- 

20 diate frequency F^, for example to a lower frequency, 
where a low pass filter 158 passes the converted distor- 
tion frequency while rejecting higher frequencies. The 
converted pilot signal (and any remaining signals) is pro- 
vided to a second mixer 1 60 to mix the converted pilot 

25 signal (and any remaining signals) with the frequency 
signal L02 from the second LO 150. The second mixer 
1 60 performs a second frequency conversion of the con- 
verted pilot signal to a second intermediate frequency 
F 12 , for example to an even lower frequency, where a 

30 bandpass filter 1 62, such as a narrowband filter, passes 
the twice converted pilot signal while rejecting the other 
frequencies. The bandpass filter 162 can have a center 
frequency equal to F 12 which is equal to F lo1 - F P - F L02 , 

F P " Fl_01 " F L02» F L02 * F L01 + F P or F L02 ' F P + F L01 

35 and a bandwidth (BW) which can vary depending on the 
application. The bandwidth can depend on the carrier 
bandwidth and/or the position of the pilot signat(s) rela- 
tive to the carrier signal(s), for example a bandwidth of 
greater than or less than 30 KHz. 

40 [0026] An amplifier 163 amplifies the output of the 
bandpass filter 162, and a signal detector 164 receives 
the output of the bandpass fitter 1 62 with the pilot signal 
and produces a signal representing the amplitude of the 
pilot signal to the processing circuitry 142. In response 

45 to the amplitude of the pilot signal at the at least one 
pilot frequency, the processing circuitry 142 provides 
gain and/or phase control slgnal(s) 101 and/or 102 to 
gain and/or phase circuit 42. The control signals are pro- 
vided to adjust the relative gain and/or phase between 

50 the signals being combined at the coupler 46 to reduce 
the pilot signal and thereby the distortion on the main 
signal path 1 6. When amplitude of the pilot signal is min- 
imized, the pilot signal and distortion on the feed forward 
path 1 8 and the main signal path 1 6 substantially cancel 

55 each other at the output of the coupler 46. As such, the 
processing circuitry 142 is adjusting the relative phase 
and/or gain between the pilot signals as well as the dis- 
tortion products from the main signal path 16 and the 
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feed forward path 18 such that the pilot signals and dis- 
tortion products combine at the output to the coupler 46 
with a phase difference of about 1 80 degrees and equal 
amplitudes. 

[0027] In addition to the embodiments described 
above, alternative configurations of the feed forward 
amplifier system according to the principles of the 
present invention are possible which use variations or 
portions of the above described system. For example, 
FIG. 6 shows an alternative implementation of a feed 
forward amplifier architecture 180 in which like refer- 
ence numerals indicate components corresponding to 
the components of the feed forward amplifier architec- 
tures above. In the feed forward amplifier architecture 
180, processing circuitry 182 includes a channel fre- 
quency controller 1 84, such as a digital signal processor 
(DSP) or a microcontroller, for assigning radio channels 
84a-n coupled to a stand-alone feed forward controller 
1 86, such as a second DSP or microcontroller, for con- 
trolling the feed forward amplifier architecture 180. Ad- 
ditionally, the distortion signal at the output of the feed 
forward amplifier system 180 is detected by performing 
a dual frequency conversion of the distortion signal as 
described above for FIG. 5. In operation, the channel 
frequency controller 184 assigns the radio channel fre- 
quencies 84a-n to be used in communications after be- 
ing combined and amplified. The channel frequency 
controller 1 84 informs the feed forward controller 1 86 of 
the channel frequencies from which the feed forward 
controller 1 86 determines the at least one pilot frequen- 
cy for the pilot signal using the radio channel frequen- 
cies. The feed forward controller tunes the pilot signal 
generator 89 to the at least one pilot frequency and pro- 
vides control signals to detect the pilot signal at the at 
least one pilot frequency. In this embodiment, the chan- 
nel frequency controller 1 84 acknowledges the feed for- 
ward controller 1 86 of a change in the radio frequencies 
with a frequency change acknowledgment 188. The 
feed forward controller 186 receives the interrupt 188 
and sends a handshake signal 190 to the channel fre- 
quency controller 184. After which, the feed forward 
controller 186 receives the new frequency channel in- 
formation 192 from the channel frequency controller 
184. 

[0028] The feed forward controller 1 86 determines at 
least one pilot frequency F P for the pilot signal using the 
frequencies of the radio channels making up the signal. 
After the at least one frequency for the pilot signal is 
identified, the feed forward controller 1 86 can re-tune 
the pilot signal generator 89 and select the at least one 
pilot frequency for detection. In this embodiment, the 
feed forward controller 1 86 provides tuning signals 144 
and 1 46 to a first local oscillator (LO) 1 48 and a second 
local oscillator (LO) 150, respectively, to select respec- 
tive frequencies F^ and F L02 . The selected frequen- 
cies L01 and L02 are used to perform the dual frequen- 
cy conversion of the at least one pilot frequency to fa- 
cilitate detection of the pilot signal. In response to the 



amplitude of the pilot signal after the coupler 46, the feed 
forward controller 1 86 provides phase and/or gain sig- 
nals 101 and/or 102 to phase and gain circuit 42 to re- 
duce the amplitude of the pilot signal and thereby the 

5 distortion at the output. 

[0029] FIG. 7 shows a flow diagram describing how 
an embodiment of the feed forward amplifier system op- 
erates to provide phase and/or amplitude adjustments 
in response to the amplitude of the at least one pilot sig- 

10 nal. Embodiments of the flow diagram can operate in 
the processing circuitry 82 (FIG. 3), 122 (FIG. 4), 142 
(FIG. 5) and 182 (FIG. 6) above or portions thereof. In 
block 200, the n transmit frequencies or radio channels 
are stored in a memory, for example in a data bin. In the 

*5 implementation using a stand-alone feed forward con- 
troller 1 26 (FIG. 4) or 1 86 (FIG. 6), the feed forward con- 
troller receives the n radio frequencies from the channel 
frequency controller 124 (FIG. 4) or 184 (FIG. 6). At 
block 202, a decision is made as to whether the number 

20 n of radio frequency channels is greater than or equal 
to 2. 

[0030] if the number of radio frequency channels is 
greater than or equal to 2, the processing circuitry ob- 
tains the lowest frequency channel F L at block 204. The 

25 processing circuitry determines a first pilot frequency F p 
= F L - Af p at block 206 where Af p is a desired frequency 
offset value used to position the pilot signal a certain 
distance lower than the lowest earner signal or radio 
channel. The frequency offset value can vary depending 

30 on the number of radio channels, the desired perform- 
ance, the existence of gaps between radio channels 
within the frequency band of operation and/or the par- 
ticular application. For example, the frequency offset 
can be greater than less than or about the carrier band- 

35 width for the particular application, for example band- 
width can vary about 30KHz for TDMA, about 200KH2 
for wideband TDMA, about 1 .225 MHz for CDMA, about 
4.05 MHz for wideband CDMA and about 200 KHz for 
Global System for Mobile Communications (GSM). 

40 [0031 ] At block 208, the processing circuitry tunes the 
pilot generator to the appropriate frequency value F p for 
the pilot signal. The processing circuitry determines the 
appropriate frequency for the LO(s) and programs the 
LO(s) such that the pilot frequency is converted to fall 

45 within the center frequency of the narrowband bandpass 
filter for detection by the detection circuitry. 
[0032] At block 21 0, the processing circuitry proceeds 
to a tuning subroutine 21 2 where the relative amplitude 
and phase is adjusted between the combining distortion 

so signals to obtain gain and phase values producing a re- 
duced pilot signal. For example, at block 214, the am- 
plitude of the pilot signal at the pilot frequency is detect- 
ed at the output as represented by a voltage value V det . 
A repetitive loop is established at block 21 6 where count 

55 =m to 1 . In the loop at block 21 8, the processing circuitry 
provides phase control signals to a variable phase shift- 
er to adjust the relative phase between the pilot signals 
combining at the coupler 46. The relative phase for the 
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pilot signals is adjusted so the resulting amplitude level 
of the pilot signals at the output V new1 < V det . At block 
220, the processing circuitry provides amplitude or gain 
control signals to a variable attenuator to adjust the rel- 
ative amplitude between the pilot signals combining at 
the coupler 46. The relative amplitude between the pilot 
signals is adjusted so the resulting amplitude level of the 
pilot signal at the output <= V raw1 . The detected 
pilot signal amplitude level variable V det is set to the val- 
ue V new2 at block 222, and the loop counter COUNT is 
decremented by one at block 224. If the counter 
COUNT=0 as determined at block 226, the processing 
circuitry returns at block 228 to the block which called 
the tuning subroutine. Otherwise, the processing circuit- 
ry loops back up to the block 21 8. 
[0033] When the tuning subroutine returns from being 
called at the first tuning point (TP1) of block 210, the 
processing circuitry stores the phase and amplitude ad- 
justment values at block 230 for the first pilot signal. At 
block 232, the processing circuitry retrieves the highest 
channel frequency F H . In this embodiment, the process- 
ing circuitry then determines a second pilot signal F p = 
F L + Af p at block 234 where Af p is a desired frequency 
offset value used to position the pilot signal a certain 
distance lower than the lowest earner signal or radio 
channel. The frequency offset value can vary depending 
on the number of radio channels, the desired perform- 
ance, the existence of gaps between radio channels 
within the frequency band of operation and/or the par- 
ticular application. For example, the frequency offset 
can be greater than less than or about the carrier band- 
width for the particular application , for example band- 
width can vary about 30KHz for TDM A, about 200KHz 
for wideband TDMA, about 1 .225 MHz for CDMA, about 
4.05 MHz for wideband CDMA and about 200 KHz for 
Global System for Mobile Communications (GSM). 
[0034] At block 236, the processing circuitry tunes the 
pilot generator to the appropriate pilot signal frequency. 
The processing circuitry also determines the appropri- 
ate frequency value(s) for the corresponding LO(s) and 
programs the LOs such that the second pilot signal is 
converted to fall within the center frequency of the nar- 
rowband bandpass filter for detection by the detection 
circuitry. At block 238, the processing circuitry calls or 
proceeds to the tuning subroutine described above 
(block 212) for the second tuning point (TP2) associated 
with the second pilot signal. As described above for the 
first tuning point (TP1), the processing circuitry returns 
from the tuning subroutine with amplitude and phase ad- 
justment values of the second tuning point which are 
stored at block 240. As such, the processing circuitry 
has tuning points which provide reduced amplitude for 
the first pilot signal associated with the lowest channel 
frequency and for the second pilot signal associated 
with the highest channel frequency. To provide overall 
improved performance, this embodiment of the process- 
ing circuitry averages the phase and amplitude adjust- 
ment values for the tuning points TP1 and TP2 to pro- 



vide the new tuning point TP = (TP1 + TP2) / 2 at block 
242. After, the processing circuitry can proceed to block 
244 to perform other tasks and/or wait for a change in 
the radio frequency channels. 
5 [0035] If at block 202 the number n of radio channel 
frequencies is equal to one, the radio channel frequency 
Fyx is retrieved at block 246. The processing circuitry 
determines a first pilot frequency F p = Fjx - Af p at block 
248 where Af p is a desired frequency offset value used 
io to position the pilot signal a certain distance from the 
carrier signal or radio channel. The frequency offset val- 
ue can vary depending on the desired performance, the 
position of the radio channel within the frequency band 
of operation and/or the particular application. For exam- 
15 pie, the frequency offset can be greater than less than 
or about the carrier bandwidth for the particular 
application . for example bandwidth can vary about 
30KHz for TDMA, about 200KHz for wideband TDMA, 
about 1 .225 MHz for CDMA, about 4.05 MHz for wide- 
band CDMA and about 200 KHz for Global System for 
Mobile Communications (GSM). 
[0036] At block 250, the processing circuitry tunes the 
pilot generator to the appropriate frequency value F p for 
the pilot signal. The processing circuitry determines the 
appropriate frequency for the LO(s) and programs the 
LO(s) such that the pilot frequency is converted to fall 
within the center frequency of the narrowband bandpass 
filter for detection by the detection circuitry. At block 252, 
the processing circuitry proceeds to a tuning subroutine 
212 where the relative amplitude and phase is adjusted 
between the combining pilot signals to obtain gain and 
phase values producing a reduced pilot signal at the 
coupler 46. When the tuning subroutine returns from be- 
ing called at the first tuning point (TP1 ) of block 252, the 
processing circuitry stores the phase and amplitude ad- 
justment values at block 254 for the first pilot signal. In 
this embodiment, the processing circuitry then deter- 
mines a second pilot signal F p = F L + Af p at block 256 
where Af p is a desired frequency offset value used to 
position the pilot signal a certain distance higher than 
the radio channel. The frequency offset value can vary 
depending on the desired performance, the position of 
the radio channel within the frequency band of operation 
and/or the particular application. For example, the fre- 
quency offset can be greater than less than or about the 
carrier bandwidth for the particular application, for ex- 
ample bandwidth can vary about 30KHz for TDMA, 
about 200KHz for wideband TDMA, about 1 .225 MHz 
for CDMA, about 4.05 MHz for wideband CDMA and 
about 200 KHz for Global System for Mobile Communi- 
cations (GSM). 

[0037] At block 236 as described above, the process- 
ing circuitry tunes the pilot generator to the appropriate 
pilot signal frequency. The processing circuitry also de- 
termines the appropriate frequency value(s) for the cor- 
responding LO(s) and programs the LO(s) such that the 
second pilot signal is converted to fall within the center 
frequency of the narrowband bandpass filter for detec- 
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tion by the detection circuitry. At block 238, the process- 
ing circuitry calls or proceeds to the tuning subroutine 
described above (block 21 2) for the second tuning point 
(TP2) associated with the second pilot signal. As de- 
scribed above for the first tuning point (TP1), the 5 
processing circuitry returns from the tuning subroutine 
with amplitude and phase adjustment values of the sec- 
ond tuning point which are stored at block 240. As such, 
the processing circuitry has tuning points which provide 
reduced amplitude for the first pilot signal associated io 
with the lowest channel frequency and for the second 
pilot signal associated with the highest channel frequen- 
cy. To provide overall improved performance, this em- 
bodiment of the processing circuitry averages the phase 
and amplitude adjustment values for the tuning points *5 
TP1 and TP2 to provide the new tuning point TP = (TP1 
+ TP2) / 2 at block 242. After, the processing circuitry 
can proceed to block 244 to perform other tasks and/or 
wait for a change in the radio frequency channels. 
[0038] In addition to the embodiment described 20 
above, alternative configurations of the amplifier distor- 
tion reduction system according to the principles of the 
present invention are possible which omit and/or add 
components and/or use variations or portions of the de- 
scribed system. For example, the above embodiments 25 
are described in a feed forward arrangement, but other 
embodiments are possible which provide relative gain 
and/or phase adjustments between combining pilot sig- 
nals based on the amplitude of the detected pilot signal 
which is at a frequency determined by the radio frequen- 30 
cy channels being amplified. Depending on the applica- 
tion, the gain and/or phase circuitry can be positioned 
in different locations and/or paths within the feed for- 
ward amplifier arrangement. For example the gain and 
phase adjustment circuit 20 could be located on the path 35 
18 before the coupler 28; the gain and phase adjuster 
42 could be located on the path 16 after the coupler 26; 
or the gain and phase adjustment circuitry 20 and 42 
could be located at both locations. Furthermore, the dis- 
tortion reduction system has been described using a *o 
particular example of determining the pilot signal fre- 
quency or frequencies using the upstream signal infor- 
mation. Other manners of determining the pilot signal 
frequency or frequencies can be used which use up- 
stream signal information. 45 
[0039] The distortion reduction system can be imple- 
mented in application specific integrated circuits, soft- 
ware-driven processing circuitry, firmware or other ar- 
rangements of discrete components as would be under- 
stood by one of ordinary skill in the art with the benefit so 
of this disclosure. What has been described is merely 
illustrative of the application of the principles of the 
present invention. Those skilled In the art will readily rec- 
ognize that these and various other modifications, ar- 
rangements and methods can be made to the present 55 
invention without strictly following the exemplary appli- 
cations illustrated and described herein and without de- 
parting from the spirit and scope of the present inven- 
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Claims 

1. A method of producing an amplified signal, said 
method 

CHARACTERIZED BY: 

determining using upstream signal information 
at least one frequency for a pilot signal; and 
placing said pilot signal with a signal to be am- 
plified. 

2. The method of claim 1 CHARACTERIZED BY: 

detecting an amplitude of said pilot signal; and 
providing gain and/or phase adjustments 
based on said amplitude of said pilot signal. 

3. The method of claim 1 CHARACTERIZED BY: 

splitting a signal to be amplified onto a main sig- 
nal path (16) and a feed forward path (1 8); 
amplifying said signal on said main signal path 
(16) to produce an amplified signal with distor- 
tion and said pilot signal on said main signal 
path (16); 

sampling said amplified signal with said distor- 
tion and said pilot signal to obtain a replica of 
said amplified signal with said distortion and 
said pilot signal on a coupling path (30); 
combining said signal on said feedforward path 
(18) with said replica of said amplified signal 
with said distortion and said pilot signal on said 
coupling path (30) to produce said pilot signal 
and said distortion on said feed forward path 
(18); 

applying said pilot signal and said distortion on 
said feed forward path (18) to a gain and/or 
phase circuit (42) to adjust the amplitude and/ 
or phase of the distortion and said pilot signal 
on said feed forward path (18); 
combining said pilot signal and distortion on 
said feed forward path (18) with said amplified 
signal with said distortion and said pilot signal 
on said main signal path (1 6) to output the am- 
_ plified signal with reduced distortion and said 
pilot signal; 

wherein said detecting includes detecting said 
amplitude of said pilot signal on said main sig- 
nal path (16) after said combining; and 
wherein said providing includes providing gain 
and/or phase adjustments at said applying 
based on said amplitude of said pilot signal. 

4. The method of claim 2 CHARACTERIZED IN THAT 

said detecting includes: 
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obtaining a replica of said amplified signal with 
said distortion and said pilot signal on a pilot 
detection path (96); 

frequency converting said amplified signal with 
said distortion and said pilot signal on said pilot s 
detection path (96); 

filtering after frequency converting said ampli- 
fied signal with said distortion and said pilot sig- 
nal on said pilot detection path (96) to attenuate 
said amplified signal while retaining said distor- 10 
tion and said pilot signal; and 

detecting the amplitude of said pilot signal. 9. 

The method of claim 4 CHARACTERIZED IN THAT 

said detecting includes: is 

tuning at least one local oscillator (LO) (95) to 
at least one LO frequency; 
mixing said pilot signal with said at least one 
LO frequency to produce said pilot signal at an 20 
intermediate frequency; and 
filtering said pilot signal using a bandpass filter 
(99) having said intermediate frequency as said 
center frequency of said bandpass filter (99). 

25 

The method of claim 5 CHARACTERIZED IN THAT 

said detecting includes: 

tuning a first local oscillator (LO) (148) to a first 
LO frequency and a second LO (1 50) to a sec- 30 
ond LO frequency; 

mixing said pilot signal with said first LO fre- 
quency to produce said pilot signal at a first in- 
termediate frequency; and 
mixing said pilot signal at said first intermediate 35 
frequency with said second LO frequency to 
produce said pilot signal at a second interme- 
diate frequency; and 

filtering said pilot signal using a bandpass filter 
(162) having said second intermediate frequen- 40 
cy as said center frequency of said bandpass 
filter (1 62). 

A distortion reduction system CHARACTERIZED 
BY: 45 

processing circuitry (82) configured to receive 
upstream signal information and to determine 
at least one frequency for a pilot signal; and 
pilot generation circuitry (72, 89, 93) respon- 50 
sive to said processing circuitry (82) to gener- 
ate a pilot signal at said at least one frequency 
and place said pilot signal with a signal to be 
amplified. 

55 

The system of claim 7 CHARACTERIZED BY: 

pilot detection circuitry (48, 95, 96, 97, 98, 99, 



1 00, 1 03) coupled to said processing circuitry 
and configured to receive said pilot signal at 
said at least one frequency, said pilot detection 
circuitry producing to said processing circuitry 
(82) a pilot amplitude signal representing an 
amplitude for said pilot signal at said at least 
one frequency; and 

said processing circuitry (82) gain and/orphase 
adjustments based on said pilot amplitude sig- 
nal. 

The system of claim 8 CHARACTERIZED BY: 

a first splitter (14) receives a signal to be am- 
plified and provides a replica of said signal onto 
a main signal path (1 6) and a feed forward path 
(18); 

a first amplifier (12) on said main signal path 
(16) amplifies said signal on said main signal 
path (16) to produce an amplified signal with 
distortion and said pilot signal on said main sig- 
nal path (16); 

a first coupler (26) couples a replica of said am- 
plified signal with said distortion and said pilot 
signal onto a coupling path (30); 
a second coupler (28) combines said signal on 
said feed forward path (18) with said replica of 
said amplified signal with said distortion and 
said pilot signal on said coupling path (30) to 
produce said distortion and said pilot signal on 
said feed forward path (18); 
a gain and/or phase circuit (42) on said feed 
forward path (18) receives said distortion and 
said pilot signal to adjust the amplitude and/or 
phase of the said pilot signal on said feed for- 
ward path; 

a third coupler (46) combines said distortion 
and said pilot signal on said feed forward path 
(1 8) with said amplified signal with said distor- 
tion and said pilot signal on said main signal 
path (1 6) to output the amplified signal with dis- 
tortion and said pilot signal; 
said pilot detection circuitry (48, 95, 96, 97, 98, 
99, 100, 103) receives said amplified signal 
with distortion and said pilot signal and detects 
said pilot signal after said third coupler (46); 
and 

said processing circuitry (82) providing gain 
and/or phase adjustments based on said am- 
plitude of said pilot signal after said third cou- 
pler (46). 

10. The system of claim 9 CHARACTERIZED IN THAT 

said pilot detection circuitry includes: 

a fourth coupler (48) receives said amplified 
signal with said distortion and said pilot signal 
and couples a replica of said amplified signal 
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with said distortion and said pilot signal onto a 
pilot detection path (96); 
frequency conversion circuitry converts said pi- 
lot signal on said pilot detection path (96) to an 
intermediate frequency; 
a band pass filter (99) having a center frequen- 
cy at said intermediate frequency retains said 
pilot signal; and 

detection circuitry (1 00) produces said pilot am- 
plitude signal in response to said pilot signal at 
said intermediate frequency. 

11. The system of claim 10 CHARACTERIZED IN 
THAT said pilot detection circuitry includes: 

at least one local oscillator (LO) (95) tuned to 
at least one LO frequency in response to said 
processing circuitry; and 
at least one mixer (98) mixes said pilot signal 
with said at least one LO frequency to produce 
said pilot signal at said intermediate frequency. 

12. The system of claim 11 CHARACTERIZED IN 

THAT said pilot detection circuitry includes: 

a first local oscillator (LO) (48) tuned to a first 
LO frequency in response to said processing 
circuitry (142); 

a first mixer (156) receives said pilot signal on 
said pilot detection path (152) and mixes said 
pilot signal with said first LO frequency to pro- 
duce said pilot signal at a first intermediate sig- 
nal; 

a second LO (150) tuned to a second LO fre- 
quency in response to said processing circuitry 
(142); 

a second mixer (1 60) receives said pilot signal 
at said first intermediate frequency and mixes 
said pilot signal with said second LO frequency 
to produce said pilot signal at a second inter- 
mediate frequency; and 
said bandpass filter (1 62) having said second 
intermediate frequency as said center frequen- 
cy of said bandpass filter (162). 

13. A method of producing an amplified signal, said 
method 

CHARACTERIZED BY: 
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processing circuitry (82) configured to receive 
upstream signal information and to determine 
at least one frequency for a pilot signal; 
pilot detection circuitry (48, 95, 96, 97, 98, 99, 
1 00, 1 03) coupled to said processing circuitry 
and configured to receive said pilot signal at 
said at least one frequency, said pilot detection 
circuitry producing to said processing circuitry 
(82) a pilot amplitude signal representing an 
amplitude for said pilot signal at said at least 
one frequency; and 

said processing circuitry (82) providing gain 
and/or phase adjustments based on said pilot 
amplitude signal. 



determining using upstream signal information 50 
at least one frequency for a pilot signal; 
detecting an amplitude of said pilot signal; and 
providing gain and/or phase adjustments 
based on said amplitude of said pilot signal. 

55 

14. A distortion reduction system CHARACTERIZED 
BY: 
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